Objective: To study the inheritance of Ménière's disease in the Finnish population.
M

ÉNIÈRE'S DISEASE IS AN
idiopathic syndrome c h a r a c t e r i z e d b y tinnitus, fluctuating hearing loss, and repeated attacks of vertigo. Despite intensive research, the etiology of Ménière's disease remains unknown. The disease is suggested to be of multifactoral origin, cochlear endolymphatic hydrops being the pathophysiologic condition causing the disease. Numerous causes have been suggested, 1 including allergy, 2 viral infection, 3 autoimmune mechanisms, 4 ,5 altered glycoprotein metabolism, 6 and hormonal levels. 7 Although most cases of Ménière's disease are likely to be sporadic, there are numerous reports of familial cases.
8- 10 Morrison 10 described 41 families with more than 1 living member with Ménière's disease. The mode of inheritance was found to be autosomal dominant, with penetrance being approximately 60%. Some family members only had partial syndrome, with vestibular symptoms predominating. Morrison 10 was the first to report anticipation in Ménière's disease, ie, an earlier age at onset and tendency to have more severe manifestation in successive generations. This finding was later supported by Fung et al 11 and Oliveira et al. 12 However, there are also families in which no anticipation is seen. 12 Despite reported familial cases, no causative genes have yet been reported for Ménière's disease. A mutation in the inner ear-specific transcript gene COCH has been reported to cause Ménière's diseaselike symptoms with progressive hearing loss and a wide spectrum of vestibular involvement. 13 Usami et al 14 and Sanchez et al 15 have excluded COCH mutations being causative for sporadic Ménière's disease in restricted populations.
No phenotypic difference between sporadic and familial cases has been reported, 9, 10 although in familial cases, the onset seems to be at a younger age and there are more affected female than male individuals. 10 Data from various studies indicate that 3% to 14% of Ménière's disease is familial. 9, 16 In addition to familial cases, differences in the geographical distribution 17, 18 and in the incidence of Ménière's disease in different races 19 suggest that genetic factors are of significance.
Finland is one of the best-studied genetic isolates. The small number of original founders in addition to geographic isolation restricted the Finnish gene pool. In regional isolates, a small number of founders unavoidably resulted in consanguineous marriages. 20 This random inbreeding increased the local incidence of inherited disorders, and in many diseases, regional clustering can still be observed. 21 Strategies using these unique features have been efficiently used in disease gene mapping. Tracing the birthplaces of patients' grandparents has revealed a founder effect in several diseases of the Finnish disease heritage. 22 The prevalence of Ménière's disease in Finland is estimated to be 43 to 513 per 100 000. 18, 23 Until today, there have been no reports, to our knowledge, of genetic studies or familial Ménière's disease in the Finnish population. The aim of the present study was to evaluate characteristics and occurrence of familial Ménière's disease.
METHODS
A questionnaire concerning family history and relatives with Ménière's disease was sent to 243 patients with symptoms resembling Ménière's disease. All the patients had been examined in our vestibular unit, and the hospital database had detailed information about symptoms (intensity, frequency, duration, nausea, and migraine); vestibular findings; results from audiologic and otoneurologic tests (electronystagmography, posturography, and saccadic and pursuit eye movements), imaging studies, and serologic tests; concurrent diseases; medications; former head trauma; and use of tobacco and alcohol.
A total of 118 patients returned the questionnaire and were included in the study. The patients were aged from 34 to 80 years and 73% were female. The hospital records and database information were carefully analyzed. The patients were evaluated based on the diagnostic criteria of the Committee on Hearing and Equilibrium of the American Academy of Otolaryngology-Head and Neck Surgery. 24 v Certain Ménière's disease Definite Ménière's disease and histopathologic confirmation The patients were divided into 4 groups: 54 patients with definite (70% female), 8 with probable (63% female), and 21 with possible (71% female) Ménière's disease. In addition, 27 patients were excluded as having Ménière's disease and were used as a control population in the genealogical analyses (81% female). For 8 patients, not enough information was available to evaluate the diagnosis (Table) .
The questionnaire included questions on the number of first-, second-, and third-degree relatives and any relatives with Mé niè re's disease or hearing problems, vertigo, or migraine. The diagnosis of the relatives with Ménière's disease was confirmed from hospital records, and only relatives with the definite disease were included. The patients were asked about the birthplace of grandparents to identify possible regional clustering. If the birthplaces of grandparents were not known, parents were used instead. To avoid the bias resulting from the Helsinki University Central Hospital location (southern Finland), the grandparents of the 27 patients excluded as having Ménière's disease were used as a control population.
For statistical analyses, the independent samples t test for equality of means was used. PϽ.05 was considered statistically significant. The study was approved by the ethics committee of the Helsinki University Central Hospital.
RESULTS
Of the 54 patients with definite Ménière's disease, 8 (15%) had a relative with definite Mé niè re's disease compared with 1 (13%) of 8 patients with probable Ménière's disease, 3 (14%) of 21 patients with possible Ménière's disease, and 1 (4%) of 27 patients excluded as having Ménière's disease. The 8 families with 2 or more patients with definite Ménière's disease are referred to as having "inherited Ménière's disease" hereafter in the text. The mode of inheritance was evaluated from the pedigrees presented in Figure 1 . In 7 of the 8 pedigrees, the mode of inheritance seemed to be autosomal dominant with incomplete penetrance. One of the families was suggestive for recessive or autosomal dominant mode of inheritance, with incomplete penetrance (Figure 1, pedigree 5) . The 8 families included 19 patients with definite Ménière's disease and 12 relatives with symptoms resembling Ménière's disease or partial syndrome but no diagnosis. Of the 19 affected individuals, 13 (68%) were female, and the corresponding value was 9 (75%) of 12 patients for the relatives with Ménière's disease-like symptoms. In 2 of 8 pedigrees, otosclerosis was inherited as an independent phenotype distinct from Ménière's disease (Figure 1, pedigrees 6  and 7) .
The analyses of the birthplace of parents or grandparents resulted in clustering to southwestern Finland and eastern Finland (Figure 2) . Of the 54 patients with definite Ménière's disease, 13 (24%) had ancestors in southwestern Finland (hereafter referred to as southwestern patients) and 10 (19%) had ancestors in eastern Finland (hereafter referred to as eastern patients). Of the southwestern and eastern patients, 4 and 5, respectively, had 3 or more grandparents originating from the specific region. One of the patients had a grandparent from both regions. None of the patients excluded as having Mé niè re's disease had ancestors from these regions. For the 8 families with inherited Ménière's disease, no founder effect or regional clustering could be identified (Figure 2 ).
The patients with definite Ménière's disease were divided into 4 groups: inherited Ménière's disease (n=8), southwestern patients (n = 13), eastern patients (n=10), and remaining patients with definite Ménière's disease (n=24) ( Table) . These groups were compared against each other and against other definite patients with Ménière's disease for differences in symptoms (intensity, frequency, duration, nausea, and migraine); vestibular findings, results from audiologic and otoneurologic tests (electronystagmography, posturography, and saccadic and pursuit eye movements), imaging studies, and serologic tests; concurrent diseases; medications; former head trauma; and use of tobacco and alcohol.
The patients with inherited Ménière's disease had more severe nausea (P = .001) compared with sporadic patients. Their attacks were more intense (P=.04) and lasted longer (P=.01). The southwestern patients had more postural instability (eyes open) compared with patients with definite Ménière's disease (P =.04). There were no statistically significant differences between the eastern and southwestern or the eastern and other patients with definite Ménière's disease.
COMMENT
Previous reports indicate that 3% to 14% of Ménière's disease is genetic. 9, 16 In our study, 15% of the Finnish patients with definite Ménière's disease had a relative with the same disease, suggesting that a significant part of Mé niè re's disease is inherited. It is reported that some of the affected individuals with familial Ménière's disease express only a partial syndrome. 10 In our study, only families with 2 or more members with definite Ménière's disease were considered as having inherited disease. Thus, it is likely that the proportion of dominant Ménière's disease in the Finnish population is even higher than 15%.
In all but 1 of our pedigrees, autosomal dominant inheritance with incomplete penetrance seems to be the mode of inheritance. Interestingly, in 3 of the families, the mode of inheritance could represent maternal transmission ( Figure 1, pedigrees 2, 6 , and 8). The majority of the patients with familial Ménière's disease were female. A similar finding has been previously reported by Morrison. 10 However, in our material there also was a female preponderance in patients with sporadic Mé -nière's disease. In previous studies, no true difference in prevalence between sexes has been proven. Kotimäki et al 18 found a slight female preponderance (58%) in the Finnish population. Owing to the limited number of pa- tients with familial Ménière's disease, the significance of female preponderance remains unclear. However, based on our pedigrees and previous reports on familial Ménière's disease, it seems likely that in female subjects, the genetic predisposition is stronger than in male subjects. To our knowledge, no phenotypic difference between sporadic and familial cases has been previously reported.
9,10 Our patients with inherited Ménière's disease had more severe nausea and their Mé niè re's disease attacks were more intense and lasted longer. No other statistically significant differences were found in comparison with patients with sporadic Ménière's disease. Despite the observed phenotypic differences, it is impossible to recognize familial from sporadic Ménière's disease based on clinical picture and audiologic or otoneurologic tests.
In 2 of the 8 families, otosclerosis was inherited as an independent phenotype distinct from Ménière's disease. Both otosclerosis and Ménière's disease are of unknown etiology and likely represent numerous causes. An association between these diseases has been proposed on both a clinical and histopathologic basis. The causal relationship is controversial: it has been suggested that they may be 2 separate diseases that exist coincidentally or that endolymphatic hydrops is caused by the otosclerotic process, thus leading to Ménière's disease. 25 It is tempting to speculate that in the 2 families described herein, otosclerosis and Ménière's disease represent different outcomes of the same mutation. The search for additional families and candidate gene analyses will hopefully reveal if this hypothesis is true. The 2 families are described in detail elsewhere (Klockars and Kentala 26 ). Of the 54 patients with definite Ménière's disease, 22 had ancestors from 2 distinct regions in Finland (Figure 2) . The observed regional clustering may indicate a genetic founder effect, which is seen in several inherited diseases in the Finnish population. If this is true, a significant proportion of Finnish patients with Ménière's disease might have a recessive predisposition for developing Ménière's disease. However, further genealogical and genetic studies will need to be performed.
There are 2 reports on the prevalence of Ménière's disease in Finland. 18, 23 The results of these 2 studies are rather controversial: Kotimäki et al 18 estimated the prevalence to be 43 per 100 000, whereas Havia and coauthors 23 estimated the prevalence to be 513 per 100 000. It is likely that there is several explanations for the 10-fold difference, one of which could be the geographical distribution of the populations analyzed. Kotimäki et al 18 based their calculation on hospital records covering 30% of the Finnish population, whereas the prevalence obtained by Havia and coauthors 23 is based on a questionnaire sent to 5000 randomly selected individuals living in southern Finland. Controversially, Kotimäki and coauthors 18 reported Ménière's disease to be more prevalent in northern Finland. Regional clustering of patients with Ménière's disease could partly explain the difference in prevalence, although methodological and diagnostic differences are the most likely explanations for the variation.
There are several reports on anticipation in Ménière's disease. [10] [11] [12] Anticipation is defined as a condition in which the disease increases in severity with each generation based on the varying number of nucleotide repeated expansions found in the different individuals. This phenomenon is supported by our pedigrees, but owing to the limited number of families, further studies are still needed to confirm the finding. Despite reports of familial cases, no causative gene(s) have yet been reported for Ménière's disease. We believe that inherited Ménière's disease is likely to represent genetic heterogeneity causing difficulties in genetic linkage and mutation analyses. We conclude that the most efficient way to identify defective genes leading to Ménière's disease is through the identification of families large enough for linkage studies or by using genetic isolates in which genetic homogeneity can be assumed. For this purpose, the Finnish families with Ménière's disease and regional isolates described in this study might prove useful. 
